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20.  Abstract 


Pursuant  to  Public  Law  92-367,  Phase  I  Inspection  Reports  are  prepared 
under  guidance  contained  in  the  recomended  guidelines  for  safety 
inspection  of  dams,  published  by  the  Office  of  Chief  of  Engineers, 
Washington,  D.  C.  2031  ** •  The  purpose  of  a  Phase  I  investigation  Is 
to  identify  expeditiously  those  dams  which  may  pose  hazards  to  human 
life  or  property.  The  assessment  of  the  general  conditions  of  the  dam 
is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation  and  analyses  involving  topographic  mapping,  subsurface 
Investigations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  soope  of  a  Phase  I  investigation;  however,  the 
investigation  is  intended  to  identify  any  need  for  such  studies. 


Based  ig>on  the  field  conditions  at  the  time  of  the  field  inspection 
and  all  available  engineering  data,  the  Phase  I  report  addresses  the 
hydraulic,  hydrologic,  geologic,  geotechnie,  and  structural  aspects  of 
the  dam.  The  engineering  techniques  employed  give  a  reasonably 
accurate  assessment  of  the  conditions  of  the  dam.  It  should  be 
realized  that  certain  engineering  aspects  cannot  be  fully  analyzed 
during  a  Phase  I  inspection.  Assessment  and  remedial  measures  in  the 
report  include  the  requirements  of  additional  indepth  study  when 
necessary. 


Phase  I  reports  include  project  information  of  the  dam  and 
appurtenances,  all  existing  engineering  data,  operational  procedures, 
hydraulic/hydrologic  data  of  the  watershed,  dam  stability,  visual 
inspection  report  and  an  assessment  including  required  remedial 
measures. 
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PREFACE 


Thia  report  ia  prepared  under  guidance  contained  in  the  Recommended 
Guide  line  a  for  Safety  Inapection  of  Daaa ,  for  Phaae  I  lnveet igat iona. 
Copiea  of  theae  guidelinea  say  be  obtained  from  the  Office  of  the  Chief 
of  Engineera,  Waahington,  D.C.  20314.  The  purpoae  of  a  Phaae  I  inveati- 
gation  ia  to  identify  expeditioualy  thoae  daaa  which  aay  poae  hazards  to 
human  life  or  property.  The  aaaeaaaent  of  the  general  condition  of  the 
daa  ia  baaed  upon  available  data  and  viauai  inspections.  Detailed  in- 
veatigation  and  analyaea  involving  topographic  supping,  subsurface 
investigations  testing,  and  detailed  coaputational  evaluations  are  beyond 
the  acope  of  a  Phase  I  investigation;  however,  the  investigation  is 
intended  to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  daa  is  based  on  observations  of  field  conditions  at  the 
time  of  inapection  along  with  data  available  to  the  inspection  teaa.  In 
cases  where  the  reservoir  was  lowered  or  drained  prior  to  inspection,  such 
action,  while  iaproving  the  stability  and  safety  of  the  daa,  reaoves  the 
noraal  load  on  the  structure  and  aay  obscure  certain  conditions  which 
a*ght  otherwise  be  detectable  if  inspected  under  the  noraal  operating 
environaent  of  the  structure. 

It  is  iaportant  to  note  that  the  condition  of  a  daa  depends  on 
nuaerous  and  constantly  changing  internal  and  external  conditions,  and  ia 
evolutionary  in  nature.  It  would  be  incorrect  to  assuae  that  the  present 
condition  of  the  daa  will  continue  to  represent  the  condition  of  the  daa 
at  soae  point  in  the  future.  Only  through  continued  care  and  inspection 
can  there  be  any  chance  that  unsafe  conditions  be  detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  guidelines, 
the  spillway  design  flood  is  based  on  the  est  lasted  "Probable  Maxiataa 
Flood"  for  the  region  (flood  discharges  that  auy  be  expected  froa  the 
most  severe  combination  of  critical  aeteorologic  and  hydrologic  conditions 
that  are  reasonably  possible),  or  fractions  thereof.  Because  of  the 
aagnitude  and  rarity  of  such  a  stora  event,  a  finding  that  a  spillway 
will  not  pass  the  design  flood  should  not  be  interpreted  as  necessarily 
posing  a  highly  inadequate  condition.  The  design  flood  provides  a 
aeasure  of  relative  spillway  capacity  and  serves  as  an  aide  in 
determining  the  need  for  aore  detailed  hydrologic  and  hydraulic  studies, 
considering  the  size  of  the  daa,  its  general  condition  and  the  downstream 
damage  potential. 
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BRUT  ASST.SSMKNT  OF  DAM 


N.i mo  of  Dam: 

State: 

Count v: 

DSCS  (fund  Sheet : 

St  ream: 

Hit.-  of  I nance t  I  on : 


Western  Brand)  Reservoir  Dam 
V 1  rg 1 n 1 a 

Cltv  of  Suffolk  (formerly  Nansomond  Countv) 

Chuck.it  nek ,  V I  rg  In  I  a 

Western  Branch  of  Nansemonil  River 

May  7,  1  *»  7«* 


W.  •.tern  Branch  KeNcrvoIr  Dam  Is  an  earlhflll  strut  lure  2, BAD  feet  lone 
and  to  feet  high.  The  dam  Is  owned  and  operated  bv  the  Cl  tv  of  Norfolk, 
Virginia.  The  dam  Is  classified  an  Intermediate  In  sire  with  a  high 
hazard  classification.  The  spill  wav  consists  of  a  semi-circular  con¬ 
crete  approach  ISO  feet  wide  with  a  crest  elevation  of  19  feet  m.s.l. 


The  spillway  will  pass  2hT  of  the  Splllwav  Design  Flood  (which  Is  the 
I’MF)  without  overtopping  the  dam.  The  SDF  will  overtop  the  dam  hv  2.H 
feet.  The  water  volocltv  of  ‘t.S  feet  Per  second  and  a  10  hour  dural  Ion 
of  flow  over  the  dam,  during  the  PMr,  will  cause  the  erosion  and  poten¬ 
tial  failure  of  the  dam.  Based  on  criteria  established  hv  the  Depart¬ 
ment  of  the  Armv,  Office  of  the  Chief  of  engineers  (Oil),  the  spillway 
Is  rated  as  inadequate  and  the  dam  Is  assessed  as  unsafe-non-emergency . 

The  classification  of  "unsafe”  applied  to  a  dam  because  of  a  seriously 
inadequate  spillway  Is  not  meant  to  connote  the  same  degree  of  emergency 
as  would  be  associated  with  an  "unsafe"  classification  applied  for  a 
structural  deficiency.  It  does  mean,  however,  that  based  on  an  Initial 
screening,  and  preliminary  computations,  there  appears  to  he  a  serious 
deficiency  In  splllwav  capacity  so  that  if  a  severe  storm  were  to  occur, 
overtopping  and  failure  of  the  dam  would  take  place,  significantly  in- 
c  ceasing  the  hazard  to  loss  of  life  downstream  from  the  dam. 

It  Is  recommended  that  within  2  months  from  the  date  of  notification  to 
the  Governor  of  the  Commonwealth  of  Virginia,  the  owner  engage  the  ser¬ 
vices  of  a  professional  consultant  to: 

a.  Determine  bv  more  sophisticated  methods  and  procedures  the 
adequacy  of  tin*  splllwav.  The  study  should  Include  a  more 
detailed  study  of  the  Spillway  Design  Flood  appropriate  to 
this  dam.  Remedial  measures  to  he  considered  Include  modi¬ 
fication  to  the  dam,  splllwav,  f ) nod  plain,  and/or  any  other 
method  of  eliminating  the  danger  Imposed  by  the  pro) net. 

b.  Determine  whether  the  stability  conditions  and  the  safety 
margins  satisfy  the  requirements  and  guidelines  given  In  Refer¬ 
ence  4,  Appendix  V, 
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Within  b  month#  of  the  dot**  of  notification  hv  tin*  Governor,  the  pro¬ 
fessional  consultant's  report  of  appropriate  remi-iii.il  mitigating  mea¬ 
sures  should  have  been  completed  and  the  Owner  should  have  .in  agree¬ 
ment  wtth  the  Commonwealth  of  Virginia  to  a  reasonable  time  f rame  in 
which  all  remedial  measures  will  be  complete.  Tn  the  Interim,  a  de¬ 
tailed  emergency  operation  plan  and  a  warn  I  or  system  should  be  promptly 
developed.  Also  during  periods  of  unusual lv  lie  ivy  precipitation, 
around-the-clock  surveillance  should  he  provided. 

Iho  lot  lowing  Items,  a  1 1 hough  Important  ,  are  not  in  -ent  and  should  he 
•empleted  as  part  of  the  general  maintenance  of  the  dam!  remove  ponded 
water  along  the  downstream  toe  of  the  dam,  monitor  settlements  In  t  lu¬ 
nar. ipet  wall  on  the  crest  of  the  dam  and  In  the  retaining  wall  panel. 

II  settlement  continues  then  remedial  measure#  may  he  required  to  pro¬ 
tect  the  integrity  of  the  concrete. 


-  /  i  ’ 

Prepared  Byi-  . . . . 

PAlfl.  SEILER,  P.E./ 

Deward  M.  Martlrrfc  Associates,  Inc 
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OlllOuAw  hy: 
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SECTION  1 


PROJECT  INFORMATION 

1 . 1  General : 

1.1.1  Authority:  Pu1»t  ie  I  aw  02-367,  R  A»  i  7 2  authorized  t  tin 
Si'ori't.irv  of  tin-  Armv,  through  tin-  Corps  of  l'nv  1  neers ,  to  initiate  a 
national  program  of  s.ifotv  inspections  of  dams  t hroughout  tin*  United 
Staten.  llii’  Norfolk  l>  I  •.  t  riot  ti  i'i  (urn  I  n* •  < !  i  li.  rcspi >ns  i h  I  1  1 1  v 

of  supervising  the  Inspect  ion  of  dams  In  tin*  Commonwealth  of  Virginia. 

1.1.?  Purpose  of  Inspection:  The  purpose  is  to  conduct  a  Pham* 

1  Insport  Ion  according  to  tin-  Recommended  Guidcl  i  nes  for  Safclv 
Inspection  of  Pams  (Appendix  V,  Reference  t,  I.  Tho  main  remmns  1 M  1  ( t  v 
Is  to  cxpcd  1 1  Ioun  1  v  Identify  thoxe  Jams  whit'll  mav  ho  a  potrntinl  hazard 
to  human  lift*  or  proport  v. 

1  .  Pro  Joe  t  Pcsi  t  I  pt  1  on  : 

1.7.1  P.in  ami  Ajipur  f  onanoos  :  Western  Brain  li  Rtsorvolr  Dam  Is 
in  oar then  embankment  tlam  about  2.H40  feet  loop  and  10  foot  high. 

The  top  of  tho  dam  Is  Is  foot  wide  at  an  elevation  of  24.0  foot  m.s.l. 
The  upstream  slope  is  2(H):1(V)  and  the  entire  slope  is  covered  with 
an  R-inch  concrete  slab.  A  1  foot  high  par.ioet  wall  was  built  at  the 
uint ream  edge  of  the  dam  along  the  entire  length  of  the  crest.  The 
downstream  slope  is  1(H):1(V). 

The  spill wav,  lo<  atod  near  the  left  abutment,  is  a  scml-elrular  ogee 
shaped  *.  pi  I  Iw  iv  w  1 1  h  the  crest  at  elevation  1‘*.0.  A  water  intake 
•.irin  tore  in  the  reservoir  near  tho  right  abutment  is  used  to  withdraw 
water  for  treatment  and  to  emptv  th>  reservoir.  TVo  42- inch  diameter 
pipes  from  the  Intake  tower  run  through  the  dam  and  then  are  reduced 
to  10-inches  to  the  treatment  plant  and  then  become  two  30-inch  Y 
branches  to  the  downstream  creek. 

1.2.2  location:  The  dam  Is  located  4.7  miles  south  of  Chur kat uck, 
Virginia,  along  State  Route  10/32  and  2.4  miles  north  of  U  S  Route  4h0 
Interchange  with  State  Route  10/12  between  Red  Top  and  Reids  Ferry  on 
the  West  ern  Branch  of  the  Nansemond  River. 

1.2.1  Si/e  Classification:  The  dam  Is  classified  as  intermediate 
bv  a  storage  c.ipm  I  tv  of  2  7,070  acre-feet. 

1.2.4  Hazard  Class! f leaf  Ion:  The  dam  Is  located  In  a  predomi¬ 
nately  rural  area  where  failure  of  the  dam  would  endanger  the  pump 
station  at  the  dam  and  about  20  homes  at  Reids  Ferrv,  (which  are  with¬ 
in  the  flood  plain  for  the  PMF)  3,000  feet  downstream  from  the  dam. 

The  dam  is  classified  as  high  hazard  in  accordance  with  the  Recommended 
Guidelines  for  Safetv  Inspection  of  Pams.  The  hazard  classification 
used  to  categorize  dams  is  a  function  of  the  location  only  and  unrelated 
to  the  stability  or  probable  failure  of  the  dam. 


1.2.5  Ownership :  Cltv  of  Norfolk. 


1.2.6  Purpose  of  the  Oam:  The  reservoir  Is  used  as  a  source  of 
water  for  the  Cltv  of  Norfolk.  Rnatlng  and  fishing  Is  permitted. 

1  .  ' ,  7  I V  >■  1  ('ll  i  n<l  Cons  I  rue  I  I  nil  lll'ifurv!  T1*  f i.  <  f  cm  was  (fcHh'ntMl  Ip 
l  'Hill  nude  t  the  p  ii  I  d.nti  e  o!  Milliard  I  .  Wagner,  t  oiiMit  t  I  iii'  I  up  I  nee  r  .  Ip 
I  06  l,  a  reverse  filter  of  gravel  and  2  feet  thick  riprap  was  added 
a  long  tin*  downstream  toe  between  Sta.  4  +  15  and  Sta.  11+50,  In  accordance 
to  Change  Order  No.  1  hv  .lust  In  and  Court  pev ,  Consulting  fne  1  nirrs  of 
I'li  I  1  ade  I  ph  I  a ,  I’enimv  1  v.ipI.i  .  Coph  t  r  uc  (  1  on  spec  I  (  It  a  t  I  ops  for  til*'  dam 
are  fin  lulled  with  this  report  as  Appendix  IV.  The  name  of  the  princi¬ 
pal  contractor  for  the  dam  Is  not  known  and  no  construction  records 
were  available  to  confirm  that  the  construction  of  the  dam  was  performed 

as  spec | f led . 

1.2.8  Norma  1  Operation  Procedures:  Water  Is  withdrawn  to  the 
water  treatment  plant  for  water  supply.  Otherwise,  regulation  of 
I  1  »>ws  Is  automatic  with  water  rising  above  the  crest  of  the  spill¬ 
way  passing  freelv  downstream. 


1.1  Pertinent  Oat  a: 

1.1.1  Drainage  Area:  The  dam  controls  a  drainage  area  of  65.18 
sijunre  miles. 

1.1.2  Discharge  at  0am  Site: 

Maximum  flood  -  Unknown. 

Spl 1 Iwav 

pool  level  at  top  of  dam .  18,700  c.f.s. 

1.1.1  Djim  and  Reservoir  Data:  Pertinent  data  on  the  dam  and 
reaervotr  are  shown  In  the  following  table: 

Table  1.1  0AM  ANO  RFSFRVOTR  DATA 

R<  si  rv.«  I  r 


F.levat  Ion 

Capao 1 1  v 

Item  _ 

feet 
m.  s . 1  . 

Area , 

Ai  i  OB 

Ai  re , 
f  cot 

W. 1 1 1  r  shed, 

1 nches 

I  eric  1  h , 
ml  1  e  s 

T op  of  Dam  * 

27 

1,651 

27.070 

8.1 

4.0 

Snlllwav  Crest 

1<> 

1,282 

14,620 

4.2 

4.0 

Streambed  at  the 
toe  of  the  dam 

-  \+ 

•  Top  of  parapet  wall 
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RFCTION  2 


FSHINKFRINO  I 'AT  A 


2.1  Design;  Plans  entitled  "Norfolk  Water  Development  Const  rnr- 
t  Ion  Plans  Contract  No.  1 1  Western  Hranch  Dari",  dated  April  I960, 
signed  bv  Richard  F.  Wsgner,  Consulting  Engineer,  ere  available  In  the 
f  lies  of  the  Department  of  Public  Works,  Citv  ol  Norfolk. 

*2.1.1  (leologlc  Setting  of  the  Ham  Nile:  I’hvs  I  of  i  aph  I  <  a  I  I  v  ,  t  he 
dam  Is  located  in  the  Coastal  Plain  Province.  The  geologic  formations 
at  the  site  consist  of  the  Srdlev  and  York  t  own  formations  of  pliocene 
to  motrene  geologic  age.  Downstream  ot  the  dam  are  Quart ernary,  allu¬ 
vium,  estuarine-beach  sediments  and  fluvial-estuarine  tills  of  recent 
geologic  age. 

The  Scdlcv  formation  consists  of  marine  and  estuarine  silt,  clav 
and  fine  sand  deposits  which  overlie  the  Yorktown  formation.  The  con¬ 
tact  between  the  Sedley  and  underlying  Yorktown  formation  is  normally 
irregular.  Relief  of  up  to  2 S  feet  has  been  observed  in  exposures 
along  the  James  and  Pagan  Rivers  several  miles  north  of  the  site. 

The  Yorktown  formation  consists  of  marine  •■and,  clav  and  broken 
shell  material.  Soils  of  this  formation  tend  to  he  more  ionp.ii  I  than 
those  ol  the  overlying  Sedley  formal  Ion.  In  general,  the  upper  part 
ol  the  Yorktown  formation  ranges  from  fossllferous  clavev  sand  and 
.lav  to  conn  I na  (a  limestone  typically  formed  from  broken  shells,  coral 
and  organic  debris)  found  in  areas  east  of  the  site.  The  term  "marl" 
is  often  used  to  describe  the  more  compact  mixtures  of  clav,  sand  and 
shells  found  at  the  site,  which  belong  to  the  Yorktown  formation. 

*2.1.2  Geologic;  Investigations;  Soil  test  borings  have  been 
drilled  at  the  site  in  conjunction  with  its  original  construction. 

These  borings  were  drilled  bv  the  Citv  of  Norfolk.  The  information 
obtained  from  these  borings  was  compiled  by  t  lie  citv  in  the  form  of 
a  profile  as  shown  on  Plate  No.  1  In  Appendix  I  and  dated  April  l"hO, 

As  shown  bv  the  profile,  marl  exists  at  irregular  depth  varying  from 
nhout  R  to  -40  m.s.l.  Overlving  the  marl  were  varving  thicknesses 
of  clay,  sand,  clavev  sand  and  siltv  sand.  This  material  was  excavated 
prior  to  construction  of  the  dam.  A  soil  termed  "mud",  most  1 ik  1v 
an  alluvial  material,  made  up  the  majority  of  soil  overlving  the  marl, 
between  stations  1-fOO  and  11+00,  just  east  of  the  Western  branch. 


•Information  provided  Bv  I-av  Engineering  Associates  of  Virginia. 


2-1 


2.2  Foundation  and  Fmbankment  :  Original  design  calculations  were 
not  available.  However,  original  construction  plans  and  specifications 
are  shown  In  Appendix  I  and  IV,  respectively.  The  plan  anil  specifica¬ 
tions  called  for  excavation  of  existing  mud  In  the  proposed  embankment 
area  down  to  the  underlying  sand  stratum.  As  shown  hv  the  subsurface 
pi  of  lie  along  the  axis  of  the  dam  (compiled  bv  the  t' 1 1 v  of  Norfolk), 
the  top  of  this  sand  stratum  ranged  from  about  20  feet  m.s.I.  to  about 
-  'H  feet  m.s.I,  The  exenvat Ion  was  to  have  a  maximum  width  o(  100 
I  eel  and  the  angle  of  the  slope  of  the  exposed  mud  at  the  two  sides  of 
the  prism  formed,  was  to  be  the  natural  angle  of  slope  assumed  bv  the 
mud  after  the  base  of  the  prism  was  excavated  to  Its  full  depth. 

the  construction  specifications  do  not  Indicate  the  type  of  fill  used 
for  the  embankment;  however,  shallow  hand  auger  probes  performed  on 
the  downstream  embankment  slopes  revealed  soils  consisted  of  brown 
medium  fine  sand  with  little  silt  and  clav.  Specifications  for  fill 
placement  are  enclosed  In  Appendix  IV. 

Const ruct Ion  plans  also  showed  the  location  of  a  steel  sheet  pile 
wall.  The  Interlocking  sheet  piles  were  to  be  driven  three  feet  Into 
•marl." 


2.1  Cons t rue t Ion :  Construction  records  were  not  available. 


2. A  Opera t Ions :  The  operation  record  Indicated  that  the  riprap 
along  the  toe  of  the  embankment  was  added  In  l‘*b1  bv  change  order  No. 

1,  designed  hy  Justin  and  Courtnev,  Consulting  engineers.  Phi  lade lphla , 
Pennuyl van  In . 
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SECTION  1 


VISUAL  INSPECTION 


1. 1  Finding*: 

3.1.1  General:  The  result*  of  the  7  u.iv  1974  inspection  are 
included  in  Appendix  III.  At  the  time  of  the  inspection  the  pool 
elevation  was  at  19.0  feet  m.s.l.  which  Is  normal.  There  are  no 
known  past  inspection  reports  available.  The  area  around  the  dam  is 
flat  and  forested.  Trees  are  growing  in  the  downstream  flood  plain 
but  not  in  the  channel. 


1.1.2  Dam:  There  is  no  evidence  of  anv  horizontal  ml sa 1 1  foment 
of  tin'  crest  of  the  dam.  The  dam  has  a  concrete  •lib  on  the  upstream 
side  attached  to  a  wall  1  feet  high  on  the  crest.  Tills  wall  has  a 
Vertical  settlement  of  ?  Inches  to  1  Inches  and  appears  to  have  been 
like  this  for  a  long  time,  since  anv  shift  of  the  wall  at  Joints 
equally  as  weathered  as  other  surfaces  of  the  wall.  The  settlement  in 
the  wall  tn.iv  be  related  to  the  need  for  stabilization  of  the  embank¬ 
ment  |ust  after  construction.  The  embankment  was  stabilized  bv  adding 
large  rock  to  the  toe  of  the  embankment . 

•There  were  several  small  undulations  along  the  downstream  slope, 
probably  due  to  differential  settlement,  of  the  underlying  soils.  None 
of  these  appeared  serious. 

•The  downstream  area  of  the  dam.  In  the  wooded  section,  had  water 
puddled  about  30  feet  from  the  toe  and  several  hundred  feet  east  of 
the  splllwav.  There  is  mud  IS  inches  below  the  surface.  The  topo¬ 
graphy  was  generally  flat  and  water,  probably  runoff,  was  drained 
toward  the  toe,  rather  than  a  nearby  ditch.  There  were  no  toe  drains 
visible  at  the  time  of  the  inspection. 

*3.1.3  Appurtenant  Structures:  Settlement  of  the  wall  (parapet) 
running  along  the  crest  of  the  dam  was  observed  approximately  400 
feet  to  the  left  of  the  intake  tower.  The  area  of  se’tlement  consists 
of  two  panels  which  have  settled,  forming  a  slight  dip  in  the  wall 
where  they  intersect. 

1.1.4  Snillwav:  The  concrete  splllwav  shows  evidence  of  surface 
spalling.  Settlement  and  tilting  was  observed  in  a  retaining  wall  panel 
on  the  north  side  of  the  spillway  (see  Plate  7,  Appendix  1).  The  top  of 
the  nanel  has  tilted  forward,  and  the  front  of  the  panel's  base  has  set¬ 
tled.  both  have  moved  about  two  inches. 


•Information  provided  by  l.nw  Engineering  Associates  of  Virginia. 
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3.2  Fvalunt Ion:  The  visual  Inspection  revealed  that  there  Is  a 
2-1  Inch  sag  In  the  wall  on  the  crest  of  the  dam  and  that  there  Is 
water  puddled  helov  the  dam.  It  appears  there  Is  no  flow  In  an  miner 
Is*  1  e  placed  In  the  wot  areas.  Corrective  measures  are  under  considera¬ 
tion  lor  the  spalling  of  the  spillway.  The  settlement  and  tilting  In 
the  retaining  wall  pond  should  he  monitored  regularly  to  determine 
whether  or  not  It  is  still  moving.  If  movement  is  still  occurring,  the 
owner  should  secure  the  services  of  a  professional  engineer  to  recom¬ 
mend  corrective  action. 


SECTION  4 


OPERATIONAL  PROCEDURES 

4.1  Procedure:  Tin*  normal  pool  elevation  Is  l^.O  feet  which  Is 
the  rrest  of  the  spillway.  Tin*  reservoir  Is  used  as  a  source  of  water 
for  the  City  of  Norfolk.  The  Public  Works  Department  maintains  records 
of  the  lake  level  and  water  taken  from  the  lake  for  treatment.  Water 
Is  taken  from  the  dam  by  the  pump  station  200  feet  downstream  of  the 
dim  at  the  right  abutment.  The  pump  station  is  manned  during  working 
hours.  A  water  level  gunge  Is  connected  bv  direct  wiring  to  the  city 
office  of  the  water  treatment  plant  where  records  are  maintained  of  the 
lake  level  anil  drawdown  to  the  pumping  station.  Water  Is  diverted  as 
needed . 


4.2  Maintenance:  The  Public  Works  Department  of  the  Cl  tv  of  Nor¬ 
folk  has  responsibility  for  maintaining  the  dam  and  pumping  facilities 
as  well  as  maintaining  the  grounds.  Other  maintenance  or  grounds  Im¬ 
provements  are  by  order  of  the  Citv  and  would  be  on  file  at  the  city 
treatment  plant  or  cltv  office. 

4.1  Warning  System:  There  is  no  warning  system  established  for 
this  dam  to  warn  persons  In  the  area  In  rase  of  an  emergency. 

4.4  Evaluation:  The  Public  Works  Department  for  the  cltv  of 
Norfolk  has  a  well  established  system  for  operation  and  routine  main¬ 
tenance  of  the  dam,  however,  a  warning  system  should  be  established 
for  the  dam  In  case  of  emergency. 
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SECTION  5 


HYDRAUI.TC/HYDRO1.0CIC  DATA 


5 . 1  Design : 

a)  Norfolk  Water  Development  Construction  Plans  from 
the  Director  of  Public  Works,  City  of  Norfolk, 

Virginia,  dated  April  I960. 

5.2  Hydrologic  Records:  None  were  available. 

5.1  Flood  Experience:  There  were  no  records  available. 

5.4  Flood  Potrnl  I  a  1  :  Tin*  PMF  and  1/2  PMF  were  develope<l  and  routed 
through  the  lake  burnt  Mills,  lake  Prince,  and  Western  branch  Reservoir 
l>v  use  of  the  lilt'- 1  computer  program  (Reference  ',  Appendix  V)  anil 
appropriate  unit  hvdrograph,  preelpl tat  ion,  and  storage-outflow  data, 
('lark’s  Tc  and  R  coefficients  for  the  local  drainage  area  were  estimated 
from  basin  characteristics.  The  rainfall  applied  to  the  developed  unit 
hvdrograph  was  obtained  from  a  U  S  Weather  Bureau  Publication  (Reference 
1,  Appendix  V).  losses  were  estimated  at  an  Initial  loss  of  1.0  inch 
and  a  constant  loss  thereafter  of  0.05  Inch/hour. 

5.5  Reservoir  Regulation:  Pertinent  dam  and  reservoir  data  are 
shown  In  Tabl e  1.1 

Water  Is  passed  from  U’catrrn  Branch  Reservoir  to  the  water  treatment 
plant.  Two  42-lnch  diameter  pipelines  from  a  water  Intake  tower  In 
the  reservoir  run  through  the  dam  to  the  water  treatment  plant.  Water 
also  flows  past  the  dam  over  the  splllwav  In  the  event  water  In  the 
reservoir  rises  above  elevation  19.0. 

The  storage  curve  above  the  spillway  crest  was  calculated  by  use  of 
II  S  Geological  Survey  Quadrangle  Maps.  Rating  curves  were  developed 
for  the  splllwav  and  non-overflow  section  of  the  dam.  In  routing 
hvdrographs  through  the  reservoir.  It  was  assumed  that  the  Initial 
pool  level  was  at  the  splllwav  crest.  Flow  to  the  water  treatment 
plant  was  neglected  during  routing. 

5. A  Overtopping  Potential:  The  probable  rise  of  the  reservoir 
and  other  pertinent  information  on  reservoir  performance  is  shown  in 
the  following  table: 
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Table  5.1  RFSFRVOIR  P FRFORMA NC  K 


1 1  em 

Normal  flow 

Hvdrograph _ 

1/2  PHF  PHF  (c ) 

Peak  Flow,  c.f.s. 

Inflow 

3 

44,671 

104,525 

Out  f low 

— 

35,057 

96,363 

Haxlmum  elevation 

feet,  m.s.l. 

28.4 

31.4 

Spillway  (elevation  19.0) 

Depth  of  flow,  feet  (a) 

6.6 

8.6 

Velocity,  f.p.s.  (b) 

14.5 

16.7 

Non-overf low  section  (elevation  27.0) 

Depth  of  flow,  feet  (a) 

0.9 

2.8 

Duration  ,  hours 

11 

20 

Velocity,  f.p.s.  (b) 

5.4 

9.5 

Tallwater  elevation, 
feet ,  m. h . 1 . 


in¬ 


fo)  Critical  Depth. 

(h)  Velocity  at  Critical  Depth. 

(c)  The  PHF  Is  an  estimate  of  flood  discharged  that  mnv  be  expected 
from  the  most  severe  combination  of  critical  meteorologlc  and 
hvdrologtc  conditions  that  are  reasonably  possible  In  the  region. 

5.7  Reservoir  emptying  Potential :  The  two  42-lnch  pipelines  from 
the  water  Intake  tower  can  also  he  used  for  dewatering  the  reservoir. 

The  two  42-lnch  pipelines  are  reduced  to  30-lnches  near  the  downstream 
toe  of  the  dam  ami  then  have  two  ID-Inch  laterals  to  the  downstream 
eteek  and  the  main  lines  to  the  water  treatment  plant.  Four  Rate  valves 
on  the  30-lnch  pipelines  at  elevation  O.D  are  available  for  dewatering 
to  within  3  feet  of  the  bottom  of  the  reservoir.  The  valves  will  per¬ 
mit  withdrawal  of  about  350  c.f.s.  with  the  reservoir  level  at  the 
crest  of  the  spillway  and  essential lv  dewater  the  reservoir  In  about  60 
davs  assuming  3  c.f.s.  inflow  Into  the  reservoir  and  no  flow  from 
upstream  reservoirs. 

5.8  Pva luatton:  Based  on  the  sire  (Intermediate)  and  hazard  (high) 
c lass  I f lent  Ions ,  the  recommended  Spillway  Design  Flood  Is  PHF.  The 
spillway  will  pass  262  of  the  PHF  without  overtopping  the  dam.  The 

PHF  will  overtop  the  dam  for  20  hours  and  reach  a  maximum  of  2.8  feet 
over  the  top  of  the  parapet,  with  an  average  critical  velocity  of  9.5 
feet  per  second. 

Conclusions  pertain  to  present  dav  conditions.  The  effect  of  future 
development  on  the  hydrology  ha*  not  been  considered. 
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SRCTION  6 


RTRHCTURAl.  STAB  II. I TY 

6.1  Found at  Ion  and  Ain'*  moot  s :  A  profile  of  tin*  dam  Is  shown  on 
Nolo  No.  1,  Appendix  I.  A  noil  termed  "mini",  prolwiltlv  /in  /illuvial 
material,  over  1  ten  a  thin  Inver  of  sand  which  lies  above  ;i  layer  of 
"marl".  The  layer  of  mud  above  the  marl  was  excavated  prior  to  con¬ 
struction  and  backfilled.  The  construction  specifications  do  not 
indicate  the  tvpe  of  fill  used,  however,  hand  auger  probes  of  the 
embankment  revealed  a  soil  consisting  of  brown  medium  fine  sand  with 
little  silt  or  clav  (see  section  2.2.)  Sheet  piles  were  driven  In 

t  lie  area  of  the  spillway.  Tin*  sheet  piles  were  driven  1  feet  Into 
the  mart  Inver  ami  they  provide  a  firm  foundation  for  the  tot*  wall. 

The  piling  appears  to  have  been  Installed  as  a  cutoff  wall  to  aid  in 
prevent Ing  seepage  through  the  dam,  however,  there  /ire  no  records 
available  to  verify  this. 

6.2  Fmhnnkment:  The  downstream  slope  of  the  embankment  is  1(H): 

1 (V)  and  the  upstream  slope  is  2(H):1(V).  The  upstream  slope  Is 
covered  with  an  8- Inch  thick  concrete  slab,  over  the  entire  length  of 
the  dam,  probably  for  seepage  control  and  slope  protection  although 
no  records  were  available  to  substantiate  this.  The  construction 
records  do  not  Indicate  the  type  of  fill  used  for  the  emhnnkmont, 
however,  shallow  auger  probes  performed  on  the  downstream  embankment 
slopes  revealed  soils  consisting  of  brown  medium  fine  sand  with  little 
silt  or  clay.  In  compliance  with  the  Contract  Specifications,  (Appen¬ 
dix  IV),  the  embankment  was  to  he  placed  In  layers  with  a  compact  ed 
ililikness  of  h  Inches.  Compact  Ion  w/is  by  sheepsfoot  and/or  heavy 
duty  rubber-tired  rollers  maximum  density  in  accordance  with  the 

specifications  and  the  fill  wan  to  be  placed  so  that  proper  drainage 
was  maintained  at  all  times.  The  above  information  Indicates  proper 
procedures,  however,  construction  records  were  not  available  and  no 
stability  analyses  have  been  performed  on  the  dam. 

6.3  Kvaluntlon:  Without  lnform.it  Ion  regarding  the  soli  strati¬ 
graphy,  soil  strength  parameters  or  lines  of  seepage  within  the  dam, 
the  stability  conditions  can  not  be  assessed. 
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SFCTION  7 


ASSFSSMFNT  AND  REMEDIAL  MFASURFS/RFCO>tMFNnATIONS 

7.1  Dam  Assessment:  Design  cn  I  ml  a|  I  ons  ,  construction  records 
and  structural  stability  evaluations  of  the  dam  wore  not  available. 
I’onded  water  exists  along  the  downstream  toe  of  tin-  dam  In  a  wooded 
area  several  hundred  feet  east  of  the  spillway.  The  ponded  water 

mav  soften  the  underlying  soils  with  time,  thus  reducing  their  strength 
proper!  I  on . 

The  splllwav  will  pass  2 AT  of  the  8DF  (PMK)  without  overtopping  the  dam. 
The  SDF  will  overtop  the  dam  bv  2.8  feet  with  a  velocity  of  9.5  feet 
per  second  for  a  duration  of  TO  hours.  This  flow  will  cause  serious 
erosion  ami  probable  failure  of  the  dam.  Due  to  these  facts,  and 
based  on  criteria  established  bv  the  Department  of  the  Army,  Office  of 
the  Chief  of  engineers  (OCI),  the  spillway  is  rated  as  Inadequate  and 
the  dam  Is  assessed  as  "unsafe-non-emergenev".  The  class  If  leal  Ion  of 
"unsafe"  applied  to  a  dam  because  of  a  seriously  Inadequate  spillway 
Is  not  meant  to  connote  the  same  degree  of  emergency  as  would  he  asso¬ 
ciated  with  an  "unsafe"  classification  applied  for  a  structural  defic¬ 
iency.  It  does  mean,  however,  that  based  on  an  initial  screening, 
and  preliminary  computations,  there  appears  to  be  a  serious  deficiency 
in  plllwav  capacity  so  that  If  a  severe  storm  were  to  occur,  over¬ 
topping  anti  failure  of  the  dam  would  take  place,  s  Ig.nl  f  leant  lv  In¬ 
creasing  the  hazard  to  loss  of  life  downstream  from  the  dam. 

The  ponded  water  located  at  the  toe  of  the  embankment  could  cause  the 
soil  to  become  soft  and  muddy  unless  the  dralnag.e  conditions  are  cor¬ 
rected.  The  settlement  In  the  parapet  wall  appears  to  have  occurred 
•tome  time  ago  and  does  not  show  signs  of  recent  movements  or  major 
structural  damage.  Settlement  and  tilting  detected  In  one  section  of 
the  splllwav  wall  may,  if  movement  Is  still  cont tnuei ng ,  Indicate 
potential  failure  of  that  section  of  the  wall. 

7.2  Recommended  Remedial  Measures :  It  is  recommended  that  within 
2  months  from  the  date  of  notification  to  the  (Governor  of  the  Common¬ 
wealth  of  Virginia,  the  owner  engage  the  servlres  of  a  professional 
consultant  to  : 

a.  Determine  bv  more  sophist  tented  methods  and  procedures  the 
adequaev  of  the  splllwav.  The  study  should  Include  a  more 
detailed  study  of  the  Splllwav  Design  Flood  appropriate  to 
this  dam.  Remedial  measures  to  he  considered  include  modifica¬ 
tion  to  the  dam,  splllwav,  flood  plain,  and/or  anv  other  method 
of  eliminating  the  danger  Imposed  bv  the  project. 

b.  Determine  whether  the  stability  conditions  and  the  safety  mar¬ 
gins  satisfy  the  requirements  and  guidelines  given  In  Reference 

4,  Appendix  V. 
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c.  Determine  If  the  settlement  and  tilting  detected  In  one  panel 
of  the  north  side  of  the  splllwav  channel  In  still  occurring. 

If  movement  Is  still  taking  place,  the  owners  engineer  should 
recommend  remedial  measures  designed  to  nrevent  failure  of  the 

waI  1 . 

Within  six  months  of  the  date  of  notification  hv  the  Governor,  the  pro¬ 
fessional  consultant's  report  of  appropriate  remedial  mitigating  mea¬ 
sures  should  have  been  completed  and  the  Owner  should  have  an  agreement 
with  the  Commonwealth  of  Virginia  to  a  reasonable  t  Imo  frame  In  which 
all  remedial  measures  will  he  complete.  In  the  Interim,  a  detailed 
emergency  operation  plan  and  warning  system  should  he  promptly  developed 
Also,  during  periods  of  unusuallv  heavy  precipitation,  around-the-clock 
surveillance  should  he  provided. 

The  following  Items  do  not  require  Immediate  action,  however  they  should 
bo  corrected  as  part  of  the  regular  operation  and  maintenance  program: 

a.  Tlie  oonded  water  should  he  removed  from  along  the  downstream 
toe  of  the  dam  and  steps  should  be  taken  to  insure  that  sur¬ 
face  water  drains  awav  from  the  toe  of  the  dam  to  the  nearhy 
ditch. 

b.  The  owner  should  monitor  the  settlement  of  the  parapet  wall 
and  If  settlement  continues,  remedial  measures  may  be  required 
to  protect  the  Integrity  of  the  dam. 

C.  An  annual  maintenance  and  Inspection  program  should  bo  Init¬ 
iated  to  help  detect  and  control  problems  that  mav  occur. 
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PHOTOGRAPH  NO.  3 
Parapet 


PHOTOGRAPH  NO.  4 
Upstream  Face  of  Dam 
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PHOTOGRAPH  NO.  6 
Downstream 


PHOTOGRAPH  NO.  5 
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APPENDIX  IV 


CONSTRUCTION  SPECIFICATIONS 


SECTION  U 
EARTH  EMBANKKENT 


I 


TP4-01  SCOPE: 

The  work  covered  by  this  aection  consists  of  furnishing  all  plant, 
labor  material  and  equipment  and  performing  all  operations  In  connect 
Ion  with  the  preparation  of  the  embankment  foundation  and  placing  and 
compacting  all  fills,  as  covered  by  this  section  of  the  specification 
and  the  applicable  drawings.  It  Includes  also  stripping  of  the  em¬ 
bankment  area. 

TPU-02  TEST  PORI KGS: 

(a)  Hie  City  han  trade  a  number  of  tent  borings  to  determine  the 
character  and  depth  of  the  varloun  strata  of  roll  underlying  the  cite 
of  the  dam,  and  the  location  and  depth  of  these  borings,  no  well  as 
the  information  obtained  by  then,  are  approximately  indicated  on  the 
profile  on  Drawing  No.  A-l  of  the  construction  plans. 

(b)  The  information  obtained  by  these  borings  is  the  best  infor¬ 
mation  in  the  possession  of  the  City  on  the  Subject  of  the  underlying 
coll,  and  it  is  furnished  to  the  Contractor  in  all  good  faith;  but  ii 
lr.  expressly  stipulated  and  mutually  agreed  that  neither  the  City  noi 
any  of  itn  agents  guarantees  the  accuracy  of  said  information,  and 
that  any  urc  that  the  Contractor  may  make  of  any  of  caid  information 
shall  be  made  entirely  at  his  own  risk,  and  that  neither  the  City  nor 
any  of  its  agents  shall  be  held  responsible  for  any  errors  or  omals- 
slonn  in  onid  information. 


TPU-03  EXCAVATION  PELOW  FX.  2.1 


(a)  IVfore  depositing  In  place  any  material  which  will  ultimately 
form  a  part  of  the  earth  embankment  the  Contractor  shall  flrr.t  exca¬ 
vate  the  mud  from  beneath  a  portion  of  the  width  of  the  rmbunlJ3<  nt 
down  to  the  top  of  the  underlying  sand  stratum  witho1.  t  distur  bing 
said  stratum.  Tire  prism  of  mud  thus  excavated  shall  expose  the  cand 
stratum  for  a  maximum  width  of  100  feet,  the  angle  of  the  slope  of 
the  mud  at  the  two  sides  of  this  prism  being  the  actual  natural  angle 
of  slope  acsur.cd  by  the  mod  after  the  base  of  the  prism  has  been  ex¬ 
cavated  to  its  full  depth. 

(b)  The  Contractor  shall  be  permitted  to  make  the  mud  excavation 
in  the  wet  if  he  shall  elect  to  do  so.  In  any  event  he  shall  first 
build  at  his  own  cost  and  expense  low  dykes  of  sufficient  height  to 
retain  the  mud  removed  from  the  excavation,  and  to  prevent  its  flow¬ 
ing  away  into  the  channel  of  the  stream  and  he  shall  maintain  these 
dykes  by  raising  them  from  time  to  time  as  tire  ned  is  deposited  behln> 
them.  These  dykeo  shall  be  located  approximately  as  shown  on  Drawing 
No.  A -2,  so  as  to  enclose  an  area  below  the  dam  on  the  south  side  of 
the  channel  and  the  Contractor  shall  deposit  the  mud  as  it  lo  exca¬ 
vated  on  thin  area  as  directed. 

a 

TP*»-0*»  EXCAVATION  ABOVE  EL.  2.ry. 


The  top  soil  of  the  area  to  be  covered  by  the  embankment  shall  be 
stripped  or  excavated  to  a  depth  of  12  inches.  T&e  coil  removed 
shall  be  deposited  wherever  directed,  provided  that  the  straight  line 
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TC4-05 


TP4-06 


TPU-07 


distance  from  point  of  rcrcovul  to  point  of  deposit  shall  not  exceed 
1,000  feet.  After  stripping  the  foundation  surface  shall  be  compact- 
cd  by  first  scarifying  and  adjusting  the  water  content  of  the  disturb 
ed  material  to  optimum  for  compacting  and  then  rolling  with  the  came 
procedure  as  discussed  under  "Compacted  Fill".  The  volume  of  the 
earth  material  or  top  soil  so  removed  shall,  for  purposes  of  payment 
be  classified  as  "Fill  above  EL  2.5«" 

MATERIALS: 

Materials  for  the  embankment  and  for  the  refilling  beneath  it  to  re¬ 
place  the  excavated  mud,  and  for  refilling  the  diversion  channel  shal 
be  taken  from  borrow  areas  indicated  on  Drawing  l.’o.  A-2  and  from  the 
required  excavation.  The  Contractor  shall  strip  the  top  soil  or 
material  containing  an  excess  of  fine  particles  from  the  surface  of 
the  borrow  pits  stockpiling  It  for  later  use  In  preparing  slopes  of 
dam  for  seeding. 

P1JVCTKENT: 

(a)  No  material  chall  be  placed  in  the  embankment,  or  in  the  re¬ 
fill  under  the  some,  or  in  the  refill  of  the  temporary  channel,  unles: 
It  shall  have  been  first  approved.  No  soil  having  any  roots  or  other 
vegetable  matter  nhall  be  used  for  any  permanent  part  of  the  embank¬ 
ment  or  re-fills. 

(b)  Alter  the  re-fill  under  the  embankment  nhall  have  been  placed 
the  Contractor  shall  inmediately  begin  to  spread  over  it  and  over  the 
adjacent  mud,  the  earth  selected  for  the  embankment,  thin  earth  to  be 
oprend  in  even  layers  of  such  thickness  that,  after  compacting  as 
required,  they  shall  be  6lx  inches  thick. 

(c)  The  placing  of  earth  in  the  embankment  shall  be  done  in  cuch 
a  manner  as  will  provide  at  all  times  the  maximum  drainage  and  prever/ 
the  formation  of  mud  or  of  puddles  of  water  which  might  impede  traffii 
across  the  surface  or  interfere  with  the  proper  compacting  of  the 
material.  No  material  shall  be  placed  in  the  embankment  until  after 
the  diversion  of  the  river  has  been  accomplished,  except  as  may  be 
approved  by  the  Engineer. 

COMPACTION: 

(a)  Cheeps foot  Rollers:  Sheeprfoot  rollero  shall  be  of  standard 
manufacture  and  shall  conclct  of  metal  drumo  that  have  metal  studs 
with  tartping  feet  projecting  approximately  seven  Inches  from  the  sur¬ 
face  of  the  drum.  Tamping  feet  shall  be  spaced  so  as  to  provide 
approximately  three  tamping  feet  for  each  two  square  feet  of  cylindri¬ 
cal  surface.  The  cross  sectional  area  of  each  tamper  foot,  measured 
perpendicular  to  the  axis  of  the  stud  shall  not  be  less  than  5  nor 
more  than  7  square  Inches.  The  feet  of  the  tamping  rollers  shall  be 
such  that  the  load  on  each  tamper  foot  shall  be  not  less  than  250 
pounds  per  square  inch  of  cross  sectional  area.  The  load  per  tamper 
foot  shall  bo  determined  by  dividing  the  total  weight  of  the  roller 

by  the  number  of  tamper  feet  in  one  row  parallel  to  the  axis  of  the 
roller.  The  roller  shall  be  equii*ped  with  cleaners.  Other  tamping 
rollers  of  an  approved  design  may  be  used  provided  such  rollers  will 
produce  the  desired  compaction.  The  design  of  rollers,  their  loading, 
and  the  character  and  efficiency  of  the  propelling  equipment  chall 
be  subject  to  the  approval  of  the  Engineer. 

(b)  Heavy  IXity  Rubber-Tired  Rollers:  Rubber-tired  rollers  ohall 
be  so  constructed  that  the  load  per  wheel  may  be  varied  aa  directed  by 
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the*  Engineer  from  10,OGO  to  25,000  poundo.  Hie  roller  wheels  uhnll 
be  no  arranged  and  oo  declined  that  all  wheclo  will  carry  approxi¬ 
mately  equal  londa  when  travelling  over  uneven  ground.  Tires  chould 
be  cnpable  of  being  Inflated  to  a  pressure  of  not  less  titan  75  pounds 
per  oquore  Inch. 

(c)  Hand  Operated  Power  Tampers:  Hand  operated  power  tampers 
shall  be  approved  by  the  Engineer. 

TPU-08  COMPACTED  FILL: 

(1)  Ceneral:  Except  as  otherwise  specified  compacted  fill  shall 
be  compacted  by  sheepsfoot  rollcro  and/or  heavy-  duty  rubber  tired 
rollers  conforming  to  the  requirements  of  paragraphs  TP4-07  (n) (b) 
above,  rcupcctively. 

(2)  Compacted  Fill  Adjacent  to  Concrete  Structures:  No  fill 
material  or  other  lend  shall  bo  placed  on  or  aguinut  concrete  our- 
fncen  before  the  expiration  of  14  days  after  placing  of  concrcto. 
Materials  placed  in  portions  of  the  embankment  which  lie  within  lour 
feet  of  concrete  wallo  shall  be  spread  in  four  inch  layers  and  com¬ 
pacted  by  means  of  power  tampers.  Drainage  openings  through  concrett 
structures,  as  provided  for  on  the  drawings,  shall  be  kept  open  at 
all  times. 

(3)  Degree  of  Compaction:  The  fill  material  shall  be  placed  on 
successive  six-inch  layers.  Its  moisture  content  at  the  tine  of 
placing  shall  be  the  optimum  moisture  content  for  maximum  density  as 
determined  by  the  Engineer.  Each  six-inch  layer  shall  be  compacted 
by  means  of  a  shoepefoot  roller  or  other  approved  equipment  to  955S 
of  maximum  density.  In  tho  event  of  excessive  change  in  the  moistur 
content  of  any  layer  prior  to  full  compaction,  the  material  shall  be 
moiotened  by  sprinkling,  or  scarified  and  dried  as  required,  until 
optimum  moisture  content  is  restored. 

TP4-09  MEASUREMENT: 

The  quantity  of  fill  to  be  paid  for  will  be  the  number  of  cubic 
yards  of  material,  measured  in  the  original  position  in  borrow  areas 
anil  computed  by  the  average  end-area  method. 

TP4-10  PAYMENT: 

(a)  Fill  below  elevation  2.5:  Payment  will  be  made  nt  the  Con¬ 
tract  until  price  per  cubic-yard  for  Item  U.  "Fill  below  Elevation 
2.5",  and  shall  Include  nil  costs  for  furnishing  all  materials  and 
equipment  and  for  performing  all  work  covered  by  this  section.  No 
extra  compensation  will  be  allowed  for  dredging,  transportation  and 
disposition  of  mud  for  dredging,  transporting  and  disposing  of  mud 
to  bo  removed  from  the  area  of  the  dam  below  Elevation  2.5  and  such 
costs  shall  be  included  in  the  cost  for  ’’Fill  below  Elevation  2.5". 

(b)  Fill  above  Elevation  2.5:  Payment  will  be  made  at  tho  con¬ 
tract  unit  price  per  cubic-yard  for  item  5  "Fill  above  Elevation 
2.5"#  and  shall  include  all  costs  for  furnishing  all  materials  and 
equipment  and  for  performing  all  work  covered  by  this  section. 
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20.  Abstract 


‘Pursuant  to  Public  Law  92-367,  Phase  I  Inspection  Reports  are  prepared 


under  guidance  contained  in  the  recoamended  guidelines  for  safety 
Inspection  of  dams,  published  by  the  Office  of  Chief  of  Engineers, 
Washington,  D.  C.  2031*1.  The  purpose  of  a  Phase  I  investigation  is 
to  identify  expeditiously  those  dams  which  may  pose  hazards  to  human 
life  or  property.  The  assessnent  of  the  general  conditions  of  the  dam 
is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation  and  analyses  involving  topographic  mapping,  subsurface 
investigations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  soope  of  a  Phase  I  investigation;  however,  the 
investigation  is  intended  to  identify  any  need  for  such  studies. 


Based  upon  the  field  conditions  at  the  time  of  the  field  inspection 
and  all  available  engineering  data,  the  Phase  I  report  addresses  the 
hydraulic,  hydrologic,  geologic,  geotechnie,  and  structural  aspects  of 
the  dam.  The  engineering  techniques  employed  give  a  reasonably 
accurate  assessment  of  the  conditions  of  the  dam.  It  should  be 
realized  that  certain  engineering  aspects  cannot  be  fully  analyzed 
during  a  Phase  I  inspection.  Assesaaent  and  remedial  measures  in  the 
report  include  the  requirements  of  additional  lndepth  study  when 
necessary. „ 

Phase  I  reports  include  project  information  of  the  dam  and 
appurtenances,  all  existing  engineering  data,  operational  procedures, 
hydraulic/hydrologic  data  of  the  watershed,  dam  stability,  visual 
inspection  report  and  an  assessment  including  required  remedial 
measures. 


SfCUftlTy  CL  *t*i*'C  aTiOn  Q*  *♦«»$  Dm*m 


PREFACE 


In  reviewing  chit  report,  it  should  be  realised  that  the  reported 
condition  of  the  dan  is  based  on  observations  of  field  conditions  at  the 
t ime  of  inspection  along  with  data  available  to  the  inspection  teas.  In 
cases  where  the  reservoir  was  lowered  or  drained  prior  to  inspection,  su 
action,  while  improving  the  stability  and  safety  of  the  dam,  removes  the 
normal  load  on  the  structure  and  may  obscure  certain  conditions  which 
might  otherwise  be  detectable  if  inspected  under  the  normal  operating 
environment  of  the  structure. 


It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions,  and  is 
evolutionary  in  nature.  It  would  be  incorrect  to  assume  that  the  present 
condition  of  the  dam  will  continue  to  represent  the  condition  of  the  dam 
at  some  point  in  the  future.  Only  through  continued  care  and  inspection 
can  there  be  any  chance  that  unsafe  conditions  be  detected. 


Phase  1  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  guidelines, 
the  spillway  design  flood  is  based  on  the  estimated  "Probable  Maximus 
Flood"  for  the  region  (flood  discharges  that  may  be  expected  from  the 
most  severe  combination  of  critical  awteorologic  and  hydrologic  conditii 
that  are  reasonably  possible),  or  fractions  thereof.  Because  of  the 
magnitude  and  rarity  of  such  a  storm  event,  a  finding  that  a  spillway 
will  not  pass  the  design  flood  should  not  be  interpreted  as  necessarily 
posing  a  highly  inadequate  condition.  The  design  flood  provides  a 
measure  of  relative  spillway  capacity  and  serves  as  an  aide  in 
deterauning  the  need  for  more  detailed  hydrologic  and  hydraulic  studies 
considering  the  sice  of  the  dam,  its  general  condition  and  the  downstre* 
damage  potential. 


ritASI-  I  K I'.PORT 
NATIONAL  DAM  SAFETY  PROGRAM 


HR  IKK  ASSKSSMFNT  OF  DAM 

Name  of  Dam:  Western  Brnneli  Reservoir  Dam 

State:  Virginia 

County:  Cl  tv  i*f  Suffolk  (formerly  Nnnsemond  Countv) 

DST.S  Quad  Sheet:  Chuckatuck,  Virginia 

Stream:  Western  Branch  of  Nnnsemond  River 

Date  of  I ns pee t  Ion:  Mav  7,  I9  7‘> 

Western  Branch  Reservoir  Dam  Is  an  eartliflll  st  rm  tore  2,H/tO  foot  long 
and  10  fe«*t  high.  Tlie  dam  Is  owned  and  operated  hv  the  Cl  tv  ol  Norfolk, 
Virginia.  The  dam  Is  classified  an  Intermediate  In  sl/e  with  a  high 
hazard  classification.  The  splllwav  consists  of  a  semi-circular  con¬ 
crete  approach  1^0  feet  wide  with  a  crest  elevation  of  19  feet  m.s.l. 

The  splllwav  will  pass  2hT  of  the  Splllwav  Design  Flood  (which  Is  the 
PMF1  without  overtopping  the  darn.  Tin  SDF  will  overtop  the  dam  hv  2.H 
feet.  The  water  velocity  of  r>  feet  nor  second  and  a  10  hour  duration 
of  flow  over  the  dam,  during  the  PMF,  will  cause  the  erosion  and  poten¬ 
tial  failure  of  the  dam.  Based  on  criteria  established  hv  I  lie  Depart¬ 
ment  of  the  Armv,  Office  of  the  Chief  of  engineers  (OFF),  the  spillway 
is  rated  as  Inadequate  and  the  dam  is  assessed  as  unsafe-non-emergency. 

The  classification  of  "unsafe"  applied  to  a  dam  because  of  a  seriously 
Inadequate  splllwav  Is  not  meant  to  connote  the  same  degree  of  emergency 
as  would  he  associated  with  an  "unsafe"  classification  applied  for  a 
structural  deficiency.  It  does  mean,  however,  that  based  on  an  Initial 
screening,  and  preliminary  computations,  there  appear-;  to  he  a  serious 
deficiency  In  spillway  capacity  so  that  if  a  severe  storm  were  to  occur, 
overtopping  and  failure  of  the  dam  would  take  place,  significantly  in¬ 
creasing  the  hazard  to  loss  of  life  downstream  from  t he  dam. 

It  is  recommended  that  within  2  months  from  the  date  of  notification  to 
the  Governor  of  the  Commonweal  tit  of  Virginia,  the  owner  engage  the  ser¬ 
vices  of  a  professional  consultant  to: 

a.  Determine  hv  more  sophist  leaf ed  methods  and  procedures  the 
adequacy  of  the  spiltwav.  The  study  should  include  a  more 
detailed  study  of  the  Splllwav  Design  Flood  appropriate  to 
this  dam.  Remedial  measures  to  he  considered  Include  modi¬ 
fication  to  the  dam,  splllwav,  flood  plain,  and/or  any  other 
method  of  eliminating,  t  ho  danger  Imposed  hv  the  project. 

b.  Determine  whether  the  stability  conditions  and  the  safety 
margins  satisfy  the  requirements  and  guidelines  given  In  Refer¬ 
ence  4,  Appendix  V. 


Within  6  months  of  the  date  of  notification  hv  the  Governor,  the  pro¬ 
fessional  consultant’s  report  of  appropriate  remedial  mitigating  mea- 
sures  should  have  heen  completed  and  the  Owner  should  have  an  agree¬ 
ment  with  the  Commonwealth  of  Virginia  to  a  reasonable  time  frame  in 
which  all  remedial  measures  will  be  complete.  In  the  Interim,  a  de¬ 
tailed  emergency  operation  plan  ami  a  warn  Inc,  system  should  In1  promptly 
developed.  Also  during  periods  of  unusually  heavy  precipitation, 
around-the-clock  surveillance  should  be  provided. 

I  he  following  Items,  ulthoiic.h  Important,  are  not  ur  ’em  and  should  he 
completed  as  part  of  the  general  maintenance  of  the  dam:  remove  ponded 
water  alonp,  the  downstream  toe  of  the  dam,  monitor  settlements  In  the 
parapet  wall  on  the  crest  of  the  dam  and  in  the  retaining  wall  panel. 

If  settlement  continues  then  remedial  measures  may  be  required  to  pro¬ 
tect  the  Integrity  of  the  concrete. 


Prepared  Bvt- 

PAUL  si: lid V. 


Reward  M.  Martin1  A  Associates,  Inc, 


Submitted  By: 


-f- 'JAMES  A.  WALSH,  P.E. 
Chief,  Design  Branch 


OU.\<'*JAw_  if  . 

Recommended  Bv:  <- 

JACK  5 .  STAR*  ’  P .  S . 

Chief,  Engineering  Division 
0^«!na:  eignod  by; 

Approved  By:  ^  as  L.  Haller _ 

EKXJCLA S  L .  HA  1  .L  ER 
Colonel,  Corns  of  Engineers 
District  Engineer 


Date 
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SECTION  1 


PROTECT  I NTORMAT  ION 


1 .  I  Conor a  I : 

l.t.l  Author  l»v:  P«tl»  I  I  «•  1  .iw  fl?- Tfi7,  8  Aug  7?  authorized  t  lie 
Secretory  of  the  Army,  through  the  (7orps  of  I'm- 1  noor  s ,  to  initiate  a 
national  program  of  safety  insin'ct  ions  of  dams  throughout  the  United 
State'..  Hie  Norfolk  District  lias  lioen  a  •  1  g  in  .I  its  responsibility 

ot  supervising  t ho  inspection  of  dams  in  the  Commonwealth  of  Virginia. 

1.1.?  Purpose  of  Inspection:  Tin*  purpose  is  to  conduct  a  Phase 
I  Inspection  according  to  the  Recommended  (aildelines  (or  Safety 
lnsjieet  Ion  of  Hams  (Appendix  V,  Reference  4  ).  The  main  resnons  I  b  i  1  1 1  v 
is  to  expeditiously  identify  those  dams  which  may  be  a  potential  hazard 
to  human  life  or  property. 

I  .  ?  Pro  Jeet  Description: 

1  .  .' .  1  ham  and  Aprmr  t  eiiatices  :  Western  Branch  ties,  rvolr  l>am  Is 
an  earthen  embankment  dam  about  2 ,  H40  foot  lone,  and  10  feet  high. 

Tlio  top  of  the  dam  is  14  feet  wide  at  an  elevation  of  24,0  feet  m.s.l. 
The  upstream  slope  is  2(10:1  (V)  and  the  entire  slope  is  covered  with 
an  8-inch  concrete  slab.  A  3  foot  high  parapet  wall  was  built  at  the 
unstream  edge  of  the  dam  alone  the  entire  length  of  the  crest.  The 
downstream  slope  is  1(H): 1 (V ) . 

!  tie  spillway,  located  near  the  left  abutment.  Is  a  semi -e  i  rul  ar  op.ee 
shaped  .plllwiv  with  the  erest  at  elevation  1  '* .  0 .  A  water  Intake 
•.trui  lure  in  the  reservoir  near  the  right  abutment  is  used  to  withdraw 
water  for  treatment  and  to  empty  tin  reservoir.  Two  42-inch  diameter 
pipes  from  the  Intake  tower  run  through  the  dam  and  then  arc  reduced 
to  10-inches  to  the  treatment  plant  and  then  become  two  30-inch  Y 
branches  to  the  downstream  creek. 

1.2.2  location:  The  dam  is  located  4.7  miles  south  of  Ohuekat  ink , 
Virginia,  along  Stale  Route  10/12  and  2.4  miles  north  of  U  S  Route  460 
interchange  with  State  Route  10/32  between  Red  Top  and  Reids  Ferry  on 
the  Western  Branch  of  the  Nan-umond  River. 

1.2.3  Si/e  Cl  ass  1 f I e a t Ion :  The  dam  is  classified  as  lot ermed late 
hv  a  storage  capacity  of  .'7,070  acre- feet. 

1.2.4  Hazard  Class  I f leaf  Ion :  The  dam  Is  located  In  a  predomi¬ 
nately  rural  area  where  failure  of  the  dam  would  endanger  the  pump 
station  at  the  dam  and  about  20  homes  at  Reids  Ferrv,  (which  are  with¬ 
in  the  flood  plain  for  the  P^F)  3,000  feet  downstream  from  the  dam. 

The  dam  is  classified  as  high  hazard  in  accordance  with  the  Recommended 
Cuidelines  for  Safety  Inspection  of  Dams.  The  hazard  classif lent  ion 
used  to  categorize  dams  is  a  function  of  the  location  only  and  unrelated 
to  the  stability  or  probable  failure  of  the  dam. 
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1.2.5  Ownership:  Citv  of  Norfolk. 

1.2.6  Purpose  of  the  Dam:  The  reservoir  Is  used  as  a  source  of 
water  for  the  Cltv  of  Norfolk.  Rooting  and  fishing  Is  permitted. 

|  .  .  1  Peulgn  i  it.  I  Const rur t ton  III  •Itorv:  Thin  I  i wii  di-sl  pned  In 

|  *•••(!  oiidcf  I  lie  fill. I. IIII  e  nl  Hlili.ltd  I.  Wagner,  <  '•  uir.ii  1  •  lug  tllgllloer.  Ill 
1*16  1,  a  reverse  filter  of  gravel  and  2  feet  thick  riprap  was  added 
along  tlu"  downstream  toe  between  Sta.  4+15  and  Sia.  11+50,  In  accordance 
lo  Change  Order  No.  1  hv  dustln  and  Courtney,  Consult ing  engineers  of 
I’li  1 1  ade  I  |th  I  a ,  I’ennsv  I  van  I  a .  Construction  spec  1 1  leal  Ions  for  the  dam 
are  Sin  ioded  with  this  renorr  as  Appendix  IV.  Ihe  name  of  the  princi¬ 
pal  contractor  for  the  dam  Is  not  known  and  no  construction  records 
were  available  to  confirm  that  the  construction  of  the  dam  was  per  formed 
as  spec  I f I ed . 


1.2.8  Norrvi  1  Operating  Procedures:  Water  Is  withdrawn  to  the 
water  treatment  plant  for  water  supply.  Otherwise,  regulation  of 
I  litws  Is  automatic  with  water  rising  above  the  crest  of  the  spill¬ 
way  passing  freelv  downstream. 


1.1  Pertinent  Data: 

1.1.1  Drainage  Area:  The  dam  controls  a  drainage  area  of  65.18 
square  miles. 

1.3.2  Discharge  at  Dam  Site: 

Maximum  flood  -  Unknown. 

Spl 1 lwav 

pool  level  at  top  of  dam . 1 8 ,  ,  00  c  .  f  .  s. 

1.1.3  Dam  and  Reservoir  Data:  Pertinent  data  on  the  dam  and 
reservoir  are  shown  In  the  following  table: 

Table  1.1  DAM  AND  RFSIRVOTR  DATA 

Reservoir  _ 


F.levat  Ion 

('..ip.lC  1  t  V 

1 1  em 

feet 
m.  s  .  1  . 

Area , 

A.  row 

Ai  re, 
f  ee  t 

W.lt  •  1  sill  d  , 

1 nches 

l.rnct  h, 
ml  1  es 

Top  of  Dam  * 

27 

1,651 

27,970 

8.1 

4.n 

Snl 1 lwav  Crest 

19 

1.282 

14,620 

4.2 

4.0 

Streamhed  at  the 
toe  of  the  dam 

-  \+ 

*  Top  of  parapet  wall 
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SECTION  ? 


I' VC'  I  NEK®  I NO  DATA 


2.1  Dcitlgn:  Plans  entitled  "Norfolk  Water  Development  Construc¬ 
tion  Plans  Contract  No.  1,  Western  Branch  Dan",  dated  April  I960, 

•.(.■nod  bv  Richard  K.  Wagner,  Consulting  Engineer,  are  available  in  the 
files  of  the  Department  of  Public  Works,  C '  i t  v  ol  Norfolk. 

*2.1.1  C.eolo£ic  Setting  «>!  t  tie  Dam  Site:  Plivs  I  of.  rapli  I  ca  I  1  v  ,  the 
dam  Is  located  in  the  Coastal  Plain  Province.  The  geo 1  ogle  formations 
at  the  s  1 1  «•  consist  of  the  Sedlev  anti  York  town  formations  of  pliocene 
lit  molt -one  geologic  age.  Downstream  ol  the  dam  are  Ouar t e rnarv ,  allu¬ 
vium,  estuarine-beach  sediments  and  f Itivlal -est uarlne  (Ills  of  recent 
geologic  age. 

The  Sedlev  formation  consists  of  marine  and  estuarine  silt,  clav 
and  fine  sand  deposits  which  overlie  the  Yorktown  formation.  The  con¬ 
tact  between  tbo  Sedlev  and  underlying  Yorktown  formation  is  normally 
irregular.  Relief  of  up  to  2S  foot  bas  been  observed  in  exposures 
along  tin*  James  and  Pagan  Rivers  several  miles  north  of  the  site. 

Tlie  Yorktown  formation  consists  of  marine  sand,  clav  and  broken 
shell  material.  Soils  of  this  formation  tend  to  he  more  compact  than 
those  of  the  overlying  Sedlev  formation.  In  general,  the  upner  pirt 
o'  the  Yorktown  formation  ranges  from  fos;  1 1 f erous  i  lavcv  sand  ami 
.  I  iv  to  rnnuliu  (a  limestone  typical Iv  formed  from  broken  shells,  coral 
and  organic  debris)  found  in  areas  east  of  t he  site.  The  term  "marl" 
is  often  used  to  describe  the  more  compact  mixtures  of  clav,  sand  and 
shells  found  at  the  site,  which  belong  to  the  Yorktown  format  ion. 

*2.1.2  Ceolojjlc  Investlgat Ions;  Soil  test  borings  have  been 
drilled  at  the  site  in  conjunction  with  its  original  construction. 

These  borings  were  drilled  bv  the  Citv  of  Norfolk.  Tlie  information 
obtained  from  these  borings  was  compiled  bv  t’.c  citv  in  the  form  of 
a  profile  as  shown  on  Plate  No.  1  in  Appendix  I  and  dated  April  1°60. 

As  shown  bv  the  profile,  marl  exists  at  Irregular  depth  varying  from 
about  R  to  -40  m.s.l.  Overlving  the  marl  were  varving  thicknesses 
of  clav,  sand,  clavev  sand  and  siltv  sand.  Th i s  material  was  excavated 
prior  to  construction  of  the  dam.  A  soil  termed  "mud",  most  Ilk  W 
an  alluvial  material,  made  up  the  majority  of  soil  overlving  the  marl, 
between  stations  T-fOO  and  11+T10,  Just  east  of  the  West  •  rn  Branch. 


•Information  provided  Bv  Lav  Engineering  Associates  of  Virginia 


2.2  Foundation  and  embankment:  Original  design  calculations  wore 
not  available.  However,  original  construction  plans  and  specifications 
are  shown  In  Appendix  I  and  IV,  respectively.  The  plan  and  specifica¬ 
tions  called  for  excavation  of  existing  mud  in  the  proposed  embankment 
area  down  t o  the  underlying  sand  stratum.  As  shown  hv  the  subsurface 
profile  along  the  axis  of  the  dam  (compiled  hv  the  Cltv  of  Norfolk), 
the  top  of  this  sand  stratum  ranged  from  about  21'  feet  m.s.l.  to  about 
-  leet  m.s.l.  The  excavation  was  t «»  have  a  maximum  width  of  1(H) 

I eet  and  the  angle  of  the  slope  of  the  exposed  mud  at  tin-  two  sides  of 
the  prism  formed,  was  to  be  the  natural  angle  of  slope  assumed  hv  the 
mud  after  the  base  of  the  prism  was  excavated  to  its  full  depth. 

The  construction  specifications  do  not  Indicate  the  t  vpe  of  fill  used 
for  the  emhankment ;  however,  shallow  hand  auger  prohes  performed  on 
the  downstream  emhankment  slopes  revealed  soils  consisted  of  hrown 
medium  f | no  sand  with  little  silt  and  olav.  Specifications  for  fill 
pl  moment  are  enclosed  In  Appendix  IV. 

Construction  plans  also  showed  the  location  of  a  steel  sheet  pile 
wall.  The  Interlocking  sheet  piles  were  to  he  driven  three  feet  into 
••marl.'* 


2.1  Construction:  Construction  records  were  not  available. 


2.4  OjxT.it  lens:  The  operation  record  Indicated  that  tin1  riprap 
along  the  toe  of  the  embankment  was  added  in  1‘lbl  by  change  order  No. 

1,  designed  by  Justin  and  Courtnev,  Consulting  Fngineers,  Philadelphia, 
Pennsylvania. 
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SECTION  1 


VISUAL  INSPECTION 


1. 1  FI  mlln^n : 

3.1.1  Conor  fl_l :  Tho  results  of  the  7  u.iv  1979  inspection  are 
1  no  1  (Kit'd  in  Appendix  III.  At  tho  time  of  the  Inspection  the  pool 
elevation  was  at  19.0  feet  m.s.l.  which  Is  norni.il.  There  are  no 
known  past  inspection  reports  available.  Tho  area  around  the  dam  is 
flat  and  forested,  Trees  are  growing  in  the  downstream  flood  plain 
hut  not  In  the  channel. 

3.1.2  Dam:  There  Is  no  evidence  of  anv  linrl rental  misalignment 
of  the  crest  of  the  dam.  Tho  dam  has  a  concrete  si  ih  on  the  unsl  "earn 
side  attached  to  a  wall  3  feet  high  on  the  crest.  Ihls  will  has  a 
Vertical  sett lens-nt  of  2  Inches  to  3  Inches  and  appears  to  havi  been 
like  this  for  a  lone  fins-,  since  anv  shift  of  the  wall  at  feints 
ei|tiallv  as  weathered  as  other  surfaces  of  the  wall.  The  settlement  In 
the  wall  mav  he  related  to  the  need  for  stabilization  of  the  embank¬ 
ment  just  after  construct  ion.  The  embankment  was  stabilized  hv  adding 
large  rock  to  the  toe  of  the  embankment . 

•There  were  several  small  undulations  along  the  downstream  slope, 
probably  due  to  differential  act  Clement  of  the  underlying  soils.  None 
of  these  appeared  serious. 

•The  downstream  area  of  the  dam.  In  the  wooded  section,  had  water 
puddled  about  30  feet  from  the  toe  and  several  hundred  feet  east  of 
the  spillwav.  There  is  mud  IS  inches  below  the  surface.  The  topo¬ 
graphy  was  generally  flat  and  water,  probably  runoff,  was  drained 
toward  the  toe,  rather  than  a  nearby  ditch.  There  were  no  toe  drains 
visible  at  the  time  of  the  inspection. 

*3.1.3  Appurtenant  S_f  roc  f  ores :  Settlement  of  the  wall  (parapet) 
running  along  the  crest  of  the  dam  was  observed  approximately  400 
feet  to  the  left  of  the  Intake  tower.  The  area  of  se’tlement  consists 
of  two  panels  which  have  settled,  forming  a  slight  dip  In  the  wall 
where  thev  Intersect. 

3.1.4  Spillway:  The  concrete  spillwav  shows  evidence  of  surface 
spalling.  Settlement  and  tilting  was  observed  in  a  retaining  wall  panel 
on  the  north  side  of  the  spillwav  (see  Plate  7,  Appendix  I).  The  top  of 
the  panel  has  tilted  forward,  and  the  front  of  the  panel’s  base  has  set¬ 
tled.  Roth  have  moved  about  two  Inches. 


•Information  provided  by  Ijiw  Engineering  Associates  of  Virginia. 
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3.2  Evaluation:  The  visual  Inspection  revealed  that  there  Is  a 
2-1  Inch  sag  In  the  wall  on  the  crest  of  the  dam  and  that  there  Is 
water  puddled  helov  the  dam.  It  apncars  there  Is  no  flow  In  an  auger 
hole  placed  In  the  wet  areas.  Corrective  measures  are  under  considera¬ 
tion  tor  the  spall  Inn  of  the  spillway.  The  settlement  and  tilting  In 
the  retaining  wall  pond  should  be  monitored  regularly  to  determine 
whether  or  not  It  is  still  movinR.  If  movement  is  still  occurring,  the 
owner  should  secure  the  services  of  a  professional  engineer  to  recom¬ 
mend  corrective  action. 
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SECTION  4 


OPERATIONAL  PROCEDURES 

4.1  Procedure ;  The  normal  pool  elevation  Is  1^.0  feet  which  Is 
the  crest  of  the  spillway.  The  reservoir  Is  used  as  a  source  of  water 
for  the  Cltv  of  Norfolk.  The  Public  Works  Department  maintains  records 
of  the  lake  level  and  water  taken  from  the  lake  for  treatment.  Water 
Is  taken  from  the  dam  by  the  pump  station  200  feet  downstream  of  the 
dam  at  the  right  abutment.  The  pump  station  Is  manned  during  working 
hours.  A  water  level  gunge  Is  connected  hv  direct  wiring  to  the  cltv 
olflce  of  the  water  treatment  plant  where  records  are  maintained  of  the 
lake  level  and  drawdown  t o  the  pumping  station.  Water  Is  diverted  as 
needed . 


4.2  Maintenance:  Hie  Public  Works  Department  of  the  Cltv  of  Nor¬ 
folk  has  responsibility  for  maintaining  the  dam  and  pumping  facilities 
as  well  as  maintaining  the  grounds.  Other  maintenance  or  grounds  im¬ 
provements  are  bv  order  of  the  Cltv  and  would  be  on  file  at  the  city 
treatment  plant  or  cltv  office. 

4.1  Warning  System:  There  Is  no  warning  svstem  established  for 
this  dam  to  warn  persons  In  the  area  In  case  of  an  emergency. 

4.4  Evaluation:  The  Public  Works  Depart  men t  for  the  city  of 
Norfolk  has  a  we  1 1  established  system  for  opiT.it  Ion  and  routine  main¬ 
tenance  of  the  dam,  however,  a  warning  system  should  be  established 
for  the  dam  in  case  of  emergency. 
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SECTION  5 


HYDRAULIC/ HYDROLOGIC  DATA 


5 . 1  Dealgn : 

a)  Norfolk  Water  Development  Construction  Plans  from 
the  Director  of  Public  Works,  City  of  Norfolk, 

Virginia,  dated  April  1960. 

5.?  Hydrolo£lc  Records:  None  were  available. 

5.1  Flood  Experience:  There  were  no  records  available. 

5 .  A  Flood  Potential:  Tin*  PMF  and  1/?  PME  were  developed  and  routed 
t  li  rough  tin*  l.ake  burnt  Mills,  I. ike  Prince,  and  Western  branch  Reservoir 
l*v  use  of  the  III  '<*—  1  computer  program  (Kelerenee  I,  Append  I  x  V)  and 
appropriate  unit  bvdrop.rapb,  precipitation,  ans  storage-outflow  data. 
Clark's  Tc  and  R  coefficients  for  the  local  drainage  area  were  estimated 
from  basin  characteristics.  The  rainfall  applied  to  the  developed  unit 
bvdrograpb  was  obtained  from  a  U  S  Weather  Bureau  Publication  (Reference 
I,  Appendix  V).  l-osses  were  estimated  at  an  initial  loss  of  1.0  Inch 
and  a  constant  loss  thereafter  of  0.05  inch/hour. 

5.5  Reservoir  Regulation:  Pertinent  dam  and  reservoir  data  are 
shown  I n  Tahl e  1.1 

W.iter  Is  passed  from  Western  Branch  Reservoir  to  the  water  treatment 
plant.  Two  42-lnch  dlanx'ter  pipelines  from  a  water  Intake  tower  in 
the  reservoir  run  through  the  dam  to  the  water  treatment  plant.  Water 
also  flows  past  the  dam  over  the  spillway  In  the  event  water  In  the 
reservoir  rises  above  elevation  19.0. 

The  storage  curve  above  the  spillway  crest  was  calculated  bv  use  of 
l!  S  ecological  Survey  Quadrangle  Maps.  Rating  curves  were  developed 
for  the  spillway  and  non-overflow  section  of  the  dam.  In  routing 
hvdrographs  through  the  reservoir.  It  was  assumed  that  the  initial 
pool  level  was  at  the  splllwav  crest.  Flow  to  the  water  treatment 
plant  was  neglected  during  routing. 

5.6  Overtopping  Potential:  The  probable  rise  of  the  reservoir 
and  other  pertinent  Information  on  reservoir  performance  is  shown  In 
the  following  table: 


Table  5.1  RF.SFRVOIR  PERFORMANCE 


1 1  em 

Normal  flow 

Hydrograph 

1/2  PMF  PMF  (c) 

Peak  Flow,  c.f.s. 

Inflow 

3 

44,671 

104,525 

Outflow 

— 

35,057 

96,363 

Maximum  elevation 

feet,  m.s.l. 

28.4 

31.4 

Spillway  (elevation  19.0) 

Depth  of  flow,  feet  (a) 

6.6 

8.6 

Velocity,  f.p.s.  (h) 

14.5 

16.7 

Non-overflow  section  (elevation  27  0) 

Depth  of  flow,  feet  (a) 

0.9 

2.8 

Duration  ,  hours 

11 

20 

Velocity,  f.p.s.  (b ) 

5.4 

9.5 

Tii 1 1  water  elevation, 
feet ,  n.N.l . 


0+ 


(a)  Critical  Depth. 

(h)  Velocity  at  Critical  Depth. 

(c)  The  PMF  is  an  estimate  of  flood  dischnrRed  that  may  be  expected 
from  the  most  severe  combination  of  critical  meteorologlc  and 
hydrologic  conditions  that  are  reasonably  possible  in  the  region. 

5.7  Reservoir  Fmp tying  Potential:  The  two  42- inch  pipelines  from 
t  he  water  intake  tower  can  also  be  used  for  dewatering  the  reservoir. 

The  two  42-inch  pipelines  are  reduced  to  10-inches  near  the  downstream 
I  ,»■>  of  tin1  dam  and  then  have  two  10-Inch  laterals  to  t  lie  downstream 

•  •reek  and  the  main  lines  to  the  wa ter  treatment  plant.  Four  Rate  valves 
on  the  10-lnch  pipelines  at  elevation  0.0  are  available  for  dewatortnR 
to  within  1  feet  of  the  bottom  of  the  reservoir.  The  valve*  will  per¬ 
mit  withdrawal  of  about  150  c.f.s.  with  the  reservoir  level  at  the 
crest  of  the  spillway  and  essentially  dewater  the  reservoir  in  about  60 
dnvs  assuming  1  c.f.s.  Inflow  into  the  reservoir  and  no  flow  from 
upstream  reservoirs. 

5.8  Evaluation:  Based  on  the  size  (intermediate)  and  hazard  (high) 
classifications,  the  recommended  Spillway  Design  Flood  is  PMF.  The 
spillway  will  pass  262  of  the  PMF  without  overtopping  the  dam.  The 

PMF  will  overtop  the  dam  for  20  hours  and  reach  a  maximum  of  2.8  feet 
over  the  top  of  the  parapet,  with  an  average  critical  velocity  of  9.5 
fret  per  second. 

Conclusions  pertain  to  present  day  conditions.  The  effect  of  future 
developisent  on  the  hydrology  has  not  been  considered. 
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SECTION  6 


RTRUCTURAI.  STAR  1 1.1  TY 

6.1  Foundatjon  and  Abutments:  A  profile  of  the  d.im  In  .shown  on 
Flute  No.  1,  Appendix  1.  A  soil  termed  "mud",  probably  an  alluvial 
material,  overlies  a  thin  laver  of  sand  which  1 les  above  a  layer  of 
"marl".  The  layer  of  mud  above  the  marl  was  excavated  prior  to  con¬ 
struction  and  backfilled.  The  construction  spec i f lent  Ions  do  not 
Indicate  tbo  type  of  fill  used,  however,  hand  auger  probes  of  the 
embankment  revealed  a  soil  consisting  of  brown  medium  fine  sand  with 
1  1 1 1 It*  silt  or  clay  (see  section  2.2.)  Sheet  piles  were  driven  In 

t hi*  area  of  the  spillway.  The  sheet  plies  were  driven  1  feet  Into 
the  marl  Inver  and  they  provide  a  firm  foundation  for  tin*  toe  wall. 

The  piling  appears  to  have  been  Installed  as  a  cutoff  wall  to  aid  In 
preventing  seepage  through  the  dam,  however,  there  are  no  records 
available  to  verify  this. 

6.2  Embankment:  The  downstream  slope  of  the  embankment  Is  3(H): 

1 (V)  and  the  upstream  slope  is  2(H) : 1 (V ) .  The  upstream  slope  is 
covered  with  an  8-inch  thick  concrete  slab,  over  the  entire  length  of 
the  dam,  probably  for  seepage  control  and  slope  protection  although 
no  records  were  available  to  substantiate  this.  The  construction 
records  do  not  indicate  the  type  of  fill  used  for  the  embankment, 
however,  shallow  auger  probes  performed  on  the  downstream  embankment 
slopes  revealed  soils  consisting  of  brown  medium  fine  sand  with  little 
silt  or  clay.  In  compliance  with  the  Contract  Specifications,  (Appen¬ 
dix  IV),  the  embankment  was  to  be  placed  In  layers  with  a  compacted 
llilibness  of  A  Incites.  Compaction  was  by  sbeepsfttot  and/or  heavy 
duty  ruhher-t i red  rollers  SST  maximum  density  In  accordance  with  the 
specifications  and  the  fill  was  to  be  placed  so  that  proper  drainage 
was  maintained  at  all  times.  The  above  Information  indicates  proper 
procedures,  however,  construction  records  were  not  available  and  no 
stability  analyses  have  been  performed  on  the  dam. 

6.3  Eva  1 ua 1 1 on :  Without  information  regarding  the  soil  strati¬ 
graphy,  soil  strength  parameters  or  lines  of  seepage  within  the  dam, 
tha  stability  conditions  can  not  be  assessed. 
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SFCTION  7 


ASSFSSMFNT  AND  RFMFDIAI.  MFASIJRFS/RFCOMMFNDATIONS 

7.)  Dam  Assessment:  Design  calculations,  runs!  rm  l  Ion  records 
and  structural  stability  evaluations  of  the  dam  wore  not  available. 
I’onded  water  exists  along  the  downstream  toe  of  t  lie  dam  in  a  wooded 
area  several  hundred  feet  east  of  the  spillway.  The  ponded  water 
mav  soften  the  underlying  soils  with  time,  thus  reducing  their  strengtli 
proper!  Ics. 

The  spillway  will  pass  2 f>T  of  the  SHF  (PMF)  without  overtopping  the  dam 
The  SDF  will  overtop  the  dam  bv  2.8  feet  with  a  velocity  of  *>.5  feet 
per  second  f or  a  duration  of  10  hours.  This  flow  will  cause  serious 
erosion  and  probable  failure  of  the  dam.  Due  to  these  facts,  and 
based  on  criteria  established  bv  the  Department  of  the  Armv,  Office  of 
the  Chief  of  engineers  (OOF),  t  lie  spillway  is  rated  as  inadequate  and 
the  dam  is  assessed  as  "unsa  f  e-nnn-emergem  v"  .  The  class  1 1  leal  ion  of 
"unsafe"  applied  to  a  dam  because  of  a  seriously  Inadcquati  spillway 
Is  not  meant  to  connote  the  same  decree  of  enter  policy  as  would  be  asso¬ 
ciated  with  an  "unsafe"  classification  applied  for  a  structural  defic¬ 
iency.  It  does  mean,  however,  that  based  on  an  initial  screening, 
and  preliminary  computations,  there  appears  to  be  a  serious  deficiency 
in  plllwav  capacity  so  that  if  a  severe  storm  were  to  occur,  over¬ 
topping  and  failure  of  the  dam  would  take  place,  significantly  in¬ 
creasing  the  hazard  to  loss  of  life  downstream  from  the  dam. 

The  ponded  water  located  at  the  toe  of  the  embankment  could  cause  the 
soi 1  to  become  soft  and  muddy  unless  the  drainage  conditions  are  cor¬ 
rected.  The  settlement  in  the  parapet  wall  appears  to  have  occurred 
seim-  tins1  ago  and  does  not  show  signs  of  recent  movements  or  major 
structural  damage.  Settlement  and  tilting  detected  in  one  section  of 
the  spillway  wall  may,  If  movement  Is  still  cont inuelng.  Indicate 
potential  failure  of  that  section  of  the  wall. 

7.2  Recommended  remedial  Measures:  It  Is  recommended  that  within 
2  months  from  the  date  of  notification  to  the  Governor  of  the  Common¬ 
wealth  of  Virginia,  the  owner  engage  the  services  of  a  professional 
consultant  to  : 

a.  Determine  bv  more  sophisticated  methods  and  procedures  the 
adequaev  of  the  spillwav.  The  study  should  Include  a  more 
detailed  study  of  the  Spillwav  Design  Flood  appropriate  to 
this  dam.  Remedial  measures  to  he  considered  include  modifica¬ 
tion  to  the  dam,  spillway,  flood  plain,  and/or  anv  other  method 
of  eliminating  the  danger  Imposed  hv  the  project. 

b.  Determine  whether  the  stability  conditions  and  the  safetv  mar¬ 
gins  satisfy  the  requirements  and  guidelines  given  in  Reference 

4,  Appendix  V. 


c.  Determine  If  the  settlement  and  tilting  detected  In  one  panel 
of  the  north  side  of  the  spillway  channel  In  still  occurring. 

If  movement  Is  still  taking  place,  the  owners  engineer  should 
recommend  remedial  measures  designed  to  nrevent  failure  of  the 

wall. 

Within  six  months  of  the  date  of  notification  bv  the  Governor,  the  pro¬ 
fessional  consultant's  report  of  appropriate  remedial  mitigating  mea¬ 
sures  should  have  been  completed  and  the  Owner  should  have  an  agreement 
with  the  Commonwealth  of  Virginia  to  a  reasonable  time  frame  In  which 
/ill  remedial  measures  will  be  complete.  In  the  Interim,  a  detailed 
emergency  operation  plan  and  warning  svstem  should  he  promptly  developed 
Also,  during  periods  of  unusna 1 1 v  heavy  precipitation,  a round -t he- e 1 oek 
surveillance  should  he  provided. 

Tile  following  Items  do  not  require  immediate  action,  however  they  should 
be  corrected  as  part  of  the  regular  operation  and  maintenance  program: 

a.  The  ponded  water  should  he  removed  from  along  the  downstream 
toe  of  the  dam  and  steps  should  be  taken  to  insure  that  sur¬ 
face  water  drains  awav  from  the  toe  of  the  dam  to  the  nearby 
ditch. 

b.  The  owner  should  monitor  the  settlement  of  the  parapet  wall 
and  If  settlement  continues,  remedial  measures  may  be  required 
to  protect  the  integrity  of  the  dam. 

C.  An  annual  maintenance  and  Inspection  program  should  he  Init¬ 
iated  to  help  detect  and  control  problems  that  mav  occur. 
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BiPSij*  ritn’ors  No  obvious  failures  -  upstream  face  of  dan  has 

concrete  slab  and  wall  at  the  top  of  the  dan.  Riprap 
added  to  toe  for  600'  from  right  abutment.  This  was 
done  2  vears  after  construction  to  add  weight  to  the  toe 
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APPENDIX  IV 


CONSTRUCTION  SPECIFICATIONS 


SECTION  U 
EARTH  EMBANKMENT 


1P4-01  SCOPE: 

The  work  covered  by  this  section  consists  of  furnishing  all  plant, 
labor  material  and  equipment  and  performing  all  operation.:  In  connect 
ion  with  the  preparation  of  the  embankment  foundation  and  placing  und 
compacting  all  fills,  as  covered  by  this  section  of  the  specification 
and  the  applicable  drawings.  It  includes  alco  stripping  of  the  en- 
bankir.ent  area. 

TpJ*-G2  TEST  PORINGS: 

(a)  The  City  hnn  made  a  number  of  tent  borings  to  determine  the 
character  and  depth  of  the  vnrloun  rtrnta  of  roll  underlying  the  cite 
of  the  dnm,  and  the  location  and  depth  of  these  borings,  no  well  an 
the  information  obtained  by  then,  arc  approximately  indicated  on  the 
profile  on  Drawing  No.  A-l  of  the  construction  plans. 

(b)  The  information  obtained  by  these  borings  is  the  best  infor¬ 
mation  in  the  possession  of  the  City  on  the  Gubjcct  of  the  underlying 
coil,  and  It  Is  furnished  to  the  Contractor  in  all  good  faith;  but  it 
ir.  expressly  stipulated  and  mutually  agreed  that  neither  the  City  noj 
any  of  its  agents  guarantees  the  accuracy  of  said  information,  and 
that  any  ur.c  that  the  Contractor  may  make  of  any  of  caid  information 
shall  be  made  entirely  at  his  own  risk,  and  that  neither  the  City  no: 
any  of  its  agents  shall  be  held  responsible  for  any  errors  or  onaala- 
slonn  in  said  information. 


TJ*-03  EXCAVATION  PEEOW  EL.  2.‘ 
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TO4-04 


(a)  tVLforc  depositing  in  place  any  material  which  will  ultimately 
form  n  part  of  the  earth  embankment  the  Contractor  shall  first  exca¬ 
vate  the  mud  from  beneath  a  portion  of  the  width  of  the  cmbunljvnt 
down  to  the  top  of  the  underlying  sand  stratum  without  disturbing 
said  stratum.  The  prim  of  mud  thus  excavated  shall  expose  the  cand 
stratum  for  a  maximum  width  of  100  feet,  the  angle  of  the  dope  of 
the  mud  at  the  two  ddes  of  this  prism  being  the  actual  natural  angle 
of  dope  acsur.cd  by  the  mod  after  the  base  of  the  prism  has  been  ex¬ 
cavated  to  its  full  depth. 

(b)  The  Contractor  shall  be  permitted  to  make  the  mud  excavation 
in  the  wet  if  he  shall  elect  to  do  so.  In  any  event  he  shall  first 
build  at  his  own  cost  and  expense  low  dykes  of  sufficient  height  to 
retain  the  mud  removed  from  the  excavation,  and  to  prevent  its  flow¬ 
ing  away  into  the  channel  of  the  stream  and  he  shall  maintain  these 
dykes  by  raising  them  from  time  to  time  a s  the  ned  is  deposited  behln> 
them.  These  dykeo  shall  be  located  approximately  as  ohown  on  Drawing 
No.  A-2,  so  an  to  enclose  an  area  below  the  dam  on  the  south  aide  of 
the  channel  and  the  Contractor  shall  deposit  the  mud  as  it  lo  exca¬ 
vated  on  thin  area  as  directed. 


The  top  soil  of  the  area  to  be  covered  by  the  embankment  shall  be 
stripped  or  excavated  to  a  depth  of  12  inches.  Tfee  coll  removed 
shall  be  deposited  wherever  directed,  provided  that  the  straight  line 
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distance  from  point  of  removal  to  point  of  depool t  shall  not  exceed 
1,000  feet.  After  stripping  the  foundation  surface  shall  be  compact¬ 
ed  by  first  scarifying  and  adjusting  the  water  content  of  the  disturb 
ed  material  to  optimum  for  compacting  and  then  rolling  with  the  came 
procedure  as  diocusccd  under  "Compacted  Fill".  The  volume  of  the 
earth  material  or  top  soil  so  removed  shall,  for  purposes  of  payment 
be  classified  as  "Fill  above  EL  2.5*" 

MATERIALS: 

Materials  for  the  embankment  and  for  the  refilling  beneath  It  to  re¬ 
place  the  excavated  mud,  and  for  refilling  the  diversion  channel  shal 
be  taken  from  borrow  areas  Indicated  on  Drawing  No.  A-2  and  from  the 
required  excavation.  The  Contractor  shall  strip  the  top  soli  or 
material  containing  an  excess  of  fine  particles  from  the  surface  of 
the  borrow  pits  stockpiling  it  for  later  use  In  preparing  slopes  of 
dam  for  seeding. 

P1ACFKENT: 

(a)  No  material  shall  be  placed  In  the  embankment,  or  in  the  re¬ 
fill  under  the  same,  or  in  the  refill  of  the  temporary  channel,  unles: 
It  shall  have  been  first  approved.  No  soil  having  any  rooto  or  other 
vegetable  matter  shall  be  used  for  any  permanent  part  of  the  embank¬ 
ment  or  re -fills. 

(b)  After  the  re-fill  under  the  embankment  shall  have  been  placed 
the  Contractor  shall  iranediatcly  begin  to  spread  over  it  and  over  the 
adjacent  nud,  the  earth  selected  for  the  embankment,  thin  earth  to  be 
spread  in  even  layers  of  such  thickness  that,  after  compacting  as 
required,  they  shall  be  6ix  inches  thick. 

(c)  The  placing  of  earth  In  the  embankment  shall  be  done  in  such 
a  manner  03  will  provide  at  all  times  the  maximum  drainage  and  prevec 
the  formation  of  mud  or  of  puddles  of  water  which  might  impede  traffii 
across  the  surface  or  interfere  with  the  proper  compacting  of  the 
material.  No  material  shall  be  placed  in  the  embankment  until  after 
the  diversion  of  the  river  has  been  accong>lished,  except  as  may  be 
approved  by  the  Engineer. 

COMPACTION: 

(a)  Dhrdpsfoot  Rollers:  Sheeprfoot  rollers  shall  be  of  standard 
manufacture  and  shall  conclct  of  metal  drums  that  have  metal  studs 
with  tnnping  feet  projecting  approximately  seven  inches  from  the  sur¬ 
face  of  the  drum.  Tamping  feet  shall  be  cpaccd  so  as  to  provide 
approximately  three  tamping  feet  for  each  two  square  feet  of  cylindri¬ 
cal  surface.  The  cross  sectional  area  of  each  tamper  foot,  measured 
perpendicular  to  the  axis  of  the  stud  shall  not  be  less  than  5  nor 
more  than  7  square  inchec.  The  feet  of  the  tamping  rollers  shall  be 
such  that  the  load  on  each  tamper  foot  shall  be  not  less  than  250 
pounds  per  square  inch  of  crcs3  sectional  area.  The  load  per  tamper 
foot  shall  be  determined  by  dividing  the  total  weight  of  the  roller 

by  the  number  of  tnmper  feet  in  one  row  parallel  to  the  axis  of  the 
roller.  The  roller  shall  be  equipped  with  cleaners.  Other  tumping 
rollers  of  an  approved  design  my  be  used  provided  such  rollers  will 
produce  the  desired  compaction.  The  design  of  rollers,  their  loading, 
and  the  character  and  efficiency  of  the  propelling  equipment  chall 
be  subject  to  the  approval  of  the  Engineer. 

(b)  Heavy  IXity  Rubber-Tired  Rollers:  Rubber-tired  rollers  ohall 
be  so  constructed  that  the  load  per  wheel  Bay  be  varied  as  directed  by 
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TP4-0 8 


TP4-09 


TP4-10 


U»*  Engineer  from  10,000  to  .'‘5,000  poundo.  Tl»«-  roller  wheels  oimll 
bff  no  arranged  mid  oo  designed  that  all  whccla  will  carry  approxi¬ 
mately  equal  loads  when  travelling  over  uneven  ground.  Tirea  should 
be  capable  of  being  Inflated  to  a  pressure  of  not  less  than  75  pound! 
per  o qua re  Inch. 

(c)  Hand  Operated  Power  Tampers:  Hand  operated  power  tampers 
shall  be  approved  by  the  Engineer. 

COMPACTED  FILL; 

(1)  General;  Except  as  otherwise  specified  compacted  fill  shall 

be  compacted  by  ohoepsfoot  rollcro  and/or  heavy'  duty  rubber  tired 
rollers  conforming  to  the  requirements  of  parngrarhs  TP4-07  (a) fb} 
above,  rcopcctlvcly.  '  /v 7 

(2)  Compacted  Fill  Adjncent  to  Concrete  Structures:  No  fill 
material  or  other  load  shall  bo  placed  on  or  against  concrete  sur¬ 
faces  before  tho  expiration  of  14  days  after  placing  of  concrcto. 
Materials  placed  in  portiono  of  the  embankment  which  lie  within  four 
foot  o!  concrete  wallo  oh/ill  be  opread  In  four  Inch  layers  und  com¬ 
pacted  by  means  of  power  tampers.  Drainage  openings  through  concrett 
structures,  as  provided  for  on  the  drawings,  shall  be  kept  open  at 
all  times. 

(3)  Degree  of  Compaction:  The  fill  material  shall  be  placed  on 
successive  six-inch  layers.  Its  moisture  content  at  the  tine  of 
placing  shall  be  the  optimum  moisture  content  for  maximum  density  as 
determined  by  the  Engineer.  Each  six-inch  layer  shall  be  compacted 
by  means  of  a  sheepsfoot  roller  or  other  approved  equipment  to  95i 
of  maximum  density.  In  the  event  of  exccoaive  change  in  the  moistur 
content  ol  any  layer  prior  to  full  compaction,  the  material  ohall  be 
mo lo tent'd  by  sprinkling,  or  scarified  and  dried  as  roquired,  until 
optimum  moisture  content  is  restored. 

MEASUREMENT: 

The  quantity  of  fill  to  be  paid  for  will  be  the  number  of  cubic 
yards  of  material,  measured  in  the  original  position  in  borrow  areas 
ami  computed  by  the  average  end-area  method. 

PAYMENT: 

(a)  Fill  below  elevation  2.5:  Payment  will  be  made  nt  the  Con- 
tract  until  price  per  cubic-yard  for  Item  4.  "Fill  below  Elevation 
2*5/  and  shall  include  all  costs  for  furnishing  all  materials  and 
equipment  and  for  performing  nil  work  covered  by  this  section.  No 

SSLJSm110;  riU.be  oilowcd  for  dredging,  transportation  and 
disposition  of  mud  for  dredging,  transporting  and  disposing  of  mud 

°f  thC  dQ°  bGl0W  Elevat*°n  2-5  and  such 
lnciVdcd  in  the  co°t  for  "Fill  below  Elevation  2.5". 
a?°Ve  Elcvntion  2.5:  Payment  will  be  mode  at  tho  con- 
tract  unit  price  per  cubic-yard  for  item  5  "Pill  above  Elevation 
2. 5  ,  and  shall  include  all  costs  for  furnishing  all  materials  and 
equipment  and  for  performing  all  work  covered  by  this  section. 
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